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COPATIBILITY OF MATERIALS WITH
LIJUID OXYGEN = VOLUE I

SUM IARY

The test instrument and procedure developed by Lucas and Riehl
(Ref. 1) was used to determine the compatibility of a wide variety of
materials with licquid oxygen (LOX). This method is based upon the
tendency of materials to react with LOX on impact and is coronly
known as the "AB'A Tester." Within the past 15 years' use, over
240,000 individual test drops have been made on apwroximately 2,000
different materials,

Pertinent data from these tests have been compiled, and the £ind-
ings are presented in this report. Recamendations are made for the

guldance of designers and others in the selection of safe materials for
use in oxygen systems., Materials are discussed according to the follow-
ing classifications: (1) Lubricants, (2) Sealants and Threading Com-
pounds, (3) Thermal and Electrical Insulation, (4) Elastamers, Plastics
and Adhesives, (5) Gaskets and Packing, (6) Metals, Alloys, and Solders,
(7) Solvents, Cleaning Solutions, and *liscellaneous, and (8) Dye Pene-

trants.

TNTRODUCTION

Liquid oxygen is one of the most important oxidizers in missiles
and space vehicles and is the only vropellant camon to all of tae
"building block" stages for the Saturn I, Saturn IB, and Saturn V space
wehicles (s-I, 5-IV, $-IB, S-IC, S-II, S-IVB), It is well known that
many materials in contact with liquid oxygen (LOX) are capable of ex-
ploding and/or igniting when subjected to mechanical shock or some
cther sudden energy surge. Organic materials of the type convention-
ally used as fuels, lubricants, gaskets, etc,, are particularly hazard-
ous, The environmental and structural demands imposed on space vehicle
systems make it impossible to rigidly éxclude all materials that fall
within these categories., Accordingly, a LOX impact test device (Fig,
1) was developed to provide information of the relative hazard present-
ed by these materials, This instrument has been in use for over 15 years
on a continuous basis to assess the hazard associated with products and
materials contemplated for use in space wvehicle LOX systems at the
George C, Marshall Space Flignt Center (MSFC). The development of this
method and device was described by Lucas and Riehl (Ref, 1).

This report presents data accumulated during approximately 15 years
of test evaluation using the ABA Tester. At this writing, owver 240,000
individual tests have been made on approximately 2000 different materials.
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at this Center (or its organization predecessor*). The cbject of this
revort is to provide general information about the reactivity of ma-
terials in liquid oxygen.

Recommendations are made for guidance of designers and others in
the selection of safe materials for use in oxygen systems. These rec-
amendations apply also to systems containing other gases (air, nitro=
gen, helium, etc,) that are intended for purging or vressurizing oxygen -
systems. Any reactive material (lubricant, O-ring, sealant, gasket, etc.)

employed in a purge or pressurization system could be swept or intro-
duced into the LOX system where it could create a service hazard,

The level of acceptability now in use (10 kg-m) evolved during
early work cn this test procedure as applied to thread sealants for
LOX service. It was found that the current test parameters would in-
sure acceptance of a product which had a satisfactory record of ser-
vice in IOX equinment. Extension of these requirements to other ma-
terials known or suspected to have been involved in accidents occurring
with LOX equipment, as reported in the literature, have proven unsat-
isfactory by this test method, The reliability of this method is
substantiated by the fact that no accident has ever been reported with
any product qualified by it.

while impact or mechanical energy is the basis for tnis test meth-
od, other forms of energy are capable of triggering these mixtures.
These forms of energy can arise from unforeseen, unpredictable, and
sametimes unknown sources, The mere fact that an unsatisfactory com-
oonent or material in a liquid oxygen system is not expected to encoun-
ter impact energy at the location where it is to function cannot justify
its use., The device for transmitting impact energy was favored for this
test program because it is basically tne simplest method of transmitting
a measurable amount of energy to a test fixture,

Many of the materials listed in this report are camercial products
and were not develooed or manufactured for use in liquid oxygen systems,
Therefore, failure to meet the criteria to which they were subjected
should not be constrained to imply lack of endorsement with regard to
any other criteria or properties other than those in the specific test.

* prior to July 1, 1960, this Center was the Develooment Operations
Division of the Army Ballistic “Missile Agency. As the test method and
instrument were develooed several years ago under the cognizance of the
Army, and since the instrument has since became widely known as the
"ARMA Impact Sensitivity Test Instrument,” it will be referred to as
such in this report, even though this instrument is now used under cog-
nizance of 'farshall Space Flight Center,



This report is a compilation of all data generated at “1STC using
the procedures outlined in MSFC=-SPEC-106B, This report supercedes
the following reports::

1. "Compatibility of Engineering Materials with Liquid Oxygen,"
MIP-"+S&M--61-7, dated March 21, 1961, by J., E. Curry and W, A, Rienl,

2, "Compatibility of Dye Penetrants and Penetrant System Come
ponents with Liquid Oxygen," IN-P&VE-M-66-5, dated November 3, 1966, by
C‘ F. Ke [ ]

3i "Compatibility of ifaterials with Liquid Oxygen," NASA TM X-
985, dated Auqust 1964, by C. F, Key and W, A. Riehl,

4, "Campatibility of Materials with Liquid Oxygen," NASA T™ X-
53052, dated “ay 26, 1964, by C, F, Xey.

5, "Campatibility of “aterials with Liquid Oxygen, III," NASA
™ X=-53533, dated November 3, 1966, by C. F. Xey.

6. "Campatibility of “aterials with Licuid Oxysgen, IV," NASA
™ X-53773, dated August 23, 1968, by C, F. Key.

As a result of the Apollo 13 inwvestigation, test evaluations of
materials in LOX/50X, as a function of pressure and temperature, have
been instituted, The high pressure mechanical impact test is specified
in MSFC-SPEC-101B, Tywe D, Cateqorization "Flammability, Odor, and
Offgassing Requirements and Test Procedures for ‘aterials in Environ-
rents which Support Cambustion,” Test evaluations conducted at this
Center indicate increased reactivity with both pressure and terperature

- (rRef, 2, 3, 4). However, it is apparent that the procedures
outlined in MSIC-SPEC-106B are still a valid first step in rating tne
relative hazards of materials in LOX/GOX systems.

TEST METHOD

Equipment

The apparatus used for all of the tests reported herein was the
"ABMA Tester,"

The mechanical features and operations of the ABYA LOX irmact
tester have been described corprehensively in other reports and will
not be stated herein (Ref, 1 and "SFC-SPEC-1063). It should be noted,
nowever, that exmerience gained throughout this nrogram has confirmed
consistently the absolute necessity of guarding against contamination



in the test equipment if meaningful results are to be cbtained, Spe-
cial cleaning practices are followed in preparing the test equimrment,
and it has been found that any deviation from these procedures usually
is reflected in anomalous results during subsequent tests,

In principle, this test procedure involves dropping a standard
plummet of known weight, 9,04 Kg (20 pounds), from known heights, up
to 1.1 meters (43.3 inches), under carefully controlled near-frictionless
conditions., This plummet strikes a striker pin which is resting on a
layer of the material being tested in the bottom of an expendable
aluminum alloy cup. The remainder of the sample cup is filled witn
liquid oxygen. Details of striker cup and sample are shown in Figure
2. During a series of such tests, a material capable of reacting with
10X under these conditions will explode or flash brillantly, or will
ignite and burn. Threshold determinations are generally made with
materials that are reactive at 10 kg-m, These determinations are made
by conducting 20 separate tests at specified drop heights until no
reactions are shom. This threshold value is considered an indication
of the hazard associated with the material under evaluation.

Sample Preparation

It has been found in previous work (Ref, 1) that sample preparation
is a very important factor if reproducible test results are to be ob-
tained. With all samples tested, LOX impact sensitivity varies with
thickness. Reactivity generally increases as the sample thickness is
decreased, However, this relaticnship cannot be assumed to be directly
proportional and may actually reverse with same materials, Tor example,
with some sheet titanium samples, there appeared to be a trend toward
increased reactivity with thicker samples (Ref, 5). It is quite dif-
ficult to ascertain the inherent relationship of thickness and sensi-
tivity to impact because multiple factors usually are involved, such
as sample hardness, flexibility, ductility, etc., at LOX temperatures.

Data generated using plastics such as cellulose acetate butyrate,

polyethylene, polyvinyl, chloride, and others illustrate that reactivity
increases with decreasing thickness.

Solid Materials, - All solid materials (metals, gaskets, plastics,
etc,) are testeq 1n the form of 11/16-inch diameter discs in the spe-
cific thickness intended for use, Pressure sensitive tapes, coatings,
surface treatments, etc., are tested after applying them to test discs
of the metal or other substrate upan which they will be used in ser-
vice, When hard or granular materials are to be tested, a type 347
stainless steel insert is placed as a false bottam in each sample cup.
This technique was necessitated by the early discovery in the program
that scme hard materials (silica, carborundum, etc,) could give a false
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indication of impact sensitivity under th: conditions imposed by this
test procedure. Such hard materials are driven into the aluminum sam-
ple cup by the plunger, causing extreme local deformation of the metal,
The heat liberated at microscopic points of contact between the aluminum
and the granular material is in some cases sufficient to trigger a de-
tectable reaction between the fresh aluminum surface and the LOX. (Data
showing this effect were reported in Ref. l.)

licquids. - 'laterials such as lubricants, sealants, etc. whose
thickness 1s not dictated by the intended application, are normally
tested in thicknesses of 0,050 inch. This thickness was selected on
the basis of providing a condition to which test results are most sen-
sitive to variations in materials (Ref. 1). This thickness can be
attained readily in the case of liquid materials by metering individual
samples into the test cups from a burette, It has been ascertained
that 0.50 cc of liquid will produce a 0,050 inch (+ approxdmately 0.005
inch) layer in the bottom of the test cuos (Fig. 3.

Semi-Solids, - Greases, caulking comounds, and other semi-solid
materlals are tested at a thickness of 0,050 inch by use of special cup
inserts. These inserts are fabricated from type 5052 aluminum and have
an internal deoth of 0,050 + 0,005 inch; a series of twenty insert cups
are placed in a special holder (Fig. 4). Sufficient material is pressed
into the cups with a clean stainless steel spatula wtil a smooth sur-
face, flush with the top, is cbtained., The insert cups then are removed
and placed in the bottom of the regular specimen cups with tweezers
(Figo 3).

A freezing technique has been developed which provides uniform
frozen samples of both liquids and semi-solids. The test cups, con=
taining the samples are placed in a special freezing box (Fig. 3). LOX
is poured into the bottom, and the samples are slowly frozen by the
vapors., After freezing, sufficient LOX is introduced to overflow and
£fill the test cups., Any samples that crack and float in the IOX are
discarded.

Dye Penetrant System Components, Dyes, and Lead Check Campounds
Dye penetrant system components, dyes, and leak check compounds are
test evaluated by a special technique., This technique consists of
immersing vapor degreased, umsealed, sulfuric acid anodized aluminum
6061-T6 discs (11/16~inch diameter and 1/16-inch thick) in the corponent
for 15 minutes, then standing the discs on edge in a special fixture,
and allowing them to drain for 15 minutes to remove excess comoonent, *

FThis method 1S a modification of one suggested by Mr. J. R. Alburger,
Shannon Luminous Materials Campany, in a private conmunication dated
March 3, 1964, to Dr, W, R. Lucas.
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The treated discs are transferred to the test cup and tested in accord-
ance with MSFC-SPEC-106B. For consistency and convenience, this pro~
cedure is used for testing not only the dye penetrant but each of the
camponents of the penetrant system, dyes, and leak check cémpounds.,

Solders, - Solders are generally test evaluated as flat sheets,
The sheets are prepared by melting and casting the solders to form in-
gots, The ingots are rolled into flat sheets 0.020 + 0,005 inch thick,
Discs 11/16 inch in diameter are punched and cleaned and tested by
placing the discs on stainless steel inserts in the bottom of the cup,
If rosin core solder is used, care must be taken to insure that the
rosin is bumed off or removed completely prior to evaluation, '

0-rings - O-ring “aterials, - Each size from each batch of O=-rings
and/or O-ring materials shall be sampled and tested as follows unless
it can be demonstrated that test results on different sizes and batches
are comparable,

1) Extruded O-rings are evaluated as clean discs (11/16=-inch
diameter by thickness of O-rings) cut from a strip after the chopping
operation, The discs shall be processed and deflashed with the same
equipment used for the O-rings,

2) Molded O-rings are evaluated as clean discs (11/16-inch
diameter by thickness of O-ring) that have been processed and deflashed
in the same equipment used for the O-rings.

3) O-rings fram standard stock or where above procedures are
impractical (1/2-inch outside diameter or less) are evaluated as a
camplete O-ring. O-rings larger that 1/2-inch outside diameter shall
be tested as one segment (approximately 3/4-inch long) on a stainless
steel insert.  Cleaning procedures must be specified on the test request
sheet,

The details of sample premaration and acceptance criteria are
described in “SFC-SPEC-1068 and Amendment 1.

Accentance Criteria

In order to accentance-test a material for use in IOX systems,
twenty separate samples of the material submerged in LOX are subjected
to 10 kg-m (72 ft-1lbs) impact energy delivered through a 1/2-inch
diameter contact area., More than one indication of sensitivity is
cause for immediate rejection., A single exnlosion » flash, or other
indication of sensitivity during the initial series of twenty tests
requires that an additional forty samples be tested without incident
to assure accentability of the material, These criteria are based on

10



a substantial body of data including rore than 240,000 tests,
RESULTS

The results cbtained by application of the foregoing test nrocedure
to a wide variety of different products are tabulated according to
categories in Taples I through VIIT,.

There are two ratings qiven for each material: one for the indi-
vidual sample or lot evaluated; the other for tae material in qeneral,
For examle, it should be noted that Viton "A" has an overall batch
test rating even though individual samles or batches may be satisZfactory
or unsatisfactory. The materials are rated as follows when evaluated
in accordance with the provisions of “1SFC-SPEC-1063:

Saﬁisfactoxy (S) = Approved for LOX service if cleaned and/or
processed by applicable '$SFC standards.

Jar Test (JT) - Satisfactory as stated above with the provision
that each jar or sample within a manufacturer's
batch rust be individually tested and found
acceptable,

Batch Test (BT) - Satisfactory with the provision that each
manufacturer's batch of the product must be
individually tested and found acceptable.

Incomplete (I) - Insufficient test experience to rate sample
adecuately.,

Unsatisfactory (U) - Cépable of viqoroﬁs burming or exnloding
in contact with LOX,

The batch test, jar test, and incomplete categories deserve snecial
mention. ™aterials which are basically corpatible with LOX can be ren-
dered incompatible by trace amounts of impurities. The policy of “STC
is to rate as satisfactory specific lots of new materials found to be
insensitive, if the chemical composition of these materials is avail-
able, However, such materials generally are placed in the batch test
category until tests have been completed an samples from a sufficient
nutber of different lots to indicate adequate quality control, The
large numwber ‘af materials included in the batch test category reflects
the practice of testing new products as they appear on the market even
when no immediate application is indicated. Materials for which tie
chemical composition is not available, and for which samples from only
e of two lots have been tested, are placed in the incomplete category.

11



Such materials are not approved for LOX service until additional infor-
mation becames available, In addition, it has been found that variations
can occur within a given lot or batch, Therefore, it is necessary to
test each sample within a certain batch or lot,

Taree notes of caution are in order. (1) Whenever nossible, a
complete identification is made of the materials tested., Although some
general conclusions can be drawn relative to certain classes or chemical
families of materials, it is definitely unsafe to predict the behavior
of any totally new product on this basis, Ewven materials nomally in-
ert to LOX can be rendered unsafe by minute amounts of processing addi-
tives, pigments, etc., that may be favored by one manufacturer or
processor, It is equally unsafe to define a material for a specific
application in liquid oxygen solely on the basis of a military or other
specification for a general nurpose product, since most of such speci-
fications do not limit sufficiently the chemical constitution of the
product. (2) Assuming there is freedom from deleterious additives or
contaminants, the chemical nature of the product primarily governs its
vehavior toward LOX. TIor these reasons, the tabulated test data are

applicable only to the specific nr%rietgﬂ p_raucts Tenticned ana may

not aonly to other similar materials or to otaer products meetin e

same specification. (3) It has termined that most materia
Specifications on the fluerinated plastics are not sufficient to deter-
mine that they are of virgin, unfilled, or undyed variety. This has
necessitated a change in some of the ratings listed in the tables to
reflect this concern. Fluorinated nlastics are generally given a rating
of batch test unless it has a manufacturer identification number, Under no
Circumstances should a rating of satisfactory be inferred for all polytetra-
fluoroethylene, fluorinated ethylene oronylene, or chlorotrifluorocarbon
polymers unless the specific manufacturer's or vendor's product has been
evaluated in its use thickness,

An additional factor that must be keot in mind in evaluating the
data i3 that only the chemical comatibility of the material with oxygen
systems i5 remorted nerein. INLS Criterion will agply to all materials
wialca may contact oxygen. lHowever, many other factors usually must be
considered before a final material selection can be made., For examle,
if a lubricant were to be used on an O-ring in a valve in an oxXygen
system at low temperature, at least four additional factors must be
investigated as follows:

1, Corrosivity of the lubricant and metal components which
it may contact during storage and use,

2. Compatibility of the lubricant and elastomer O-ring or
other seals,

3. Low temperature behavior of the lubricant,
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4. Lubricity of the material under operating conditions,

Naturally, the factors to be considered in final selection of any
material are dependent upon the service intended. Selection and evalu-
ation of these factors will vary widely. Thus, it is not feasible to
atterpt to provide in this report all of the information necessary to
assess fully the adequacy of a material for specific applications.
liowever, unless extenuating circumstances exist, this Center will not
approve the use of any material listed as "Unsatisfactory” in the attached
taples in oxygen systems,

The selection of the specific material to use among those rated as
satisfactory will depend upon the particular application intended,
This Center should be consulted directly for such assistance.

DISCUSSI(N

Lubricants

Lubricants tested for impact sensitivity in LOX are shown in Table
1. It is realized that ncne of the fluids or greases that withstood
the impact test would actually function as lubricants at LOX temperature
(=297°F), However, all materials withstanding this test are considered
safe for use in gaseous oxygen, which also is a hazardous environrent,
The only type of lubricant capable of functicning at LOX temperature
would be a solid or dry film lubricant., Although a number of these
appear insensitive to impact, their adhesion and functional character-
istics at 1LOX temperature have not yet been proven through use at this
Center,

All petroleum—derived lubricants tested to date have proven to be
impact sensitive, as expected., The conventicnal silicone greases and
fluids constitute a similar hazard,

all completely flourinated and/or chlorinated fluids and greases
tested to date have proven satisfactory for LOX service from the stand-
noint of impact sensitivity. This includes materials now being marketed
under the trade names of "Fluorolube", "XKel-F," and "Halocarbon." *
Nowever, any specific fluorocarbon lubricant for which no data are +abu-
lated should be tested prior to use to insure that its inherent caom-
patibility will not be affected adversely by additives that may be
»resent,

FThe names of the manufacturers of all proprietary prodects menticned
in the test of this report are provided in Tables 1 through 8.
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Chlorofluorocarbon oils and greases ("Iluorolubes," "Xel-Fs," and
"Halocarbons”) are not sensitive to irmpact in LOX (at 72 ft,-1lbs.).
However, under conditions of high shear involving aluminum in the »res-
ence of these agents, explosions can occur, even in the absence of
liquid oxygen., These canditions have been created experimentally by
forcing a rotating aluminum of steel rod, chucked in a drill press, into
contact with an aluminum plate which has been smeared with the chloro-
fluorocarban under investigation. Exwplosions have been triggered in
this manner with a number of alumimum alloy-chlorofluorocarbon combi-
nations, These conditions may appear more stringent than normally would
be encountered in lubricant or thread sealant applications, Iowvever,
the availability of other materials not subject to this behavior is be-
licved to warrant the exclusion of chlorofluorocarbons from lubricant
or sealant applications involving shzar loading with aluminum, It is
interesting to note that no explosions have been produced with fully
fluorinated hydrocarbons, Apparently, chlorine substitution is required
to render the fluorocarbon susceptible to reaction with aluminum under
shear conditions,

A new farily of fluorinated greases and oils offer the most nro—
mise as universal lubricants, This family of lubricants are manufactured
under the trade names of KRYTX (E, I, DuPont de Yemours & Comdany),
Sraycote 631A Micronic Grease (Bray 0il Company) & Fomblin Series Y
(Montecatini Edison), However, only XRVTOX-240AC has been sufficiently
test evaluated to obtain a Satisfactory rating, A number of dry film
lubricants have been rated Satisfactory. These are nrimarily inorganic
bonded tymes.

3ealants and Threading Compounds

Sealants and threading compounds listed in this category are those
materials which are applied to connections or threaded fittings for the
dual purpose of preventing seizing or galling during assembly, and
minimizing leakage in use, "Sealants" are defined herein as materials
wihich do not normally harden or set and are employed in non-permanent
applications, "Threading compounds" are those which harden and are for
use on permanent type joints. Until recently, efforts to locate a
consistently satisfactory LOX thread sealant from a proprietary source
have not been successful, “Most commercial sealants formulated speci-
fically for LOX service are mixtures of commercial-purity graphite and
chlorinated aromatic compounds. Early experience with sealants having
this basic composition indicated that trace impurities in graphite may
render the final product impact sensitive, Only a special grade of
graphite purified by acid treatment was found to give consistently sat-
isfactory results when formulated into a sealant and tested as described,
For several years, a LOX sealant for use at this Center (desicgnated
"AR=-IF" sealant) was forrulated internally, and each batch was tested

14



on an individual basis to insure conformity to our requirements,

A thread sealant manufactured by the Acheson Colloids Company (Dag
Dispersion 1730) has become available, A nurber of batches of this
product have been tested thus far, and all were approved for LOX use.
This material is recommended as a replacerent for “AR-IF" LOX sealant,
However, batchwise acceptance testing by MSFC-SPEC-106B is still neces-
sary to insure product quality. -

ne other proprietary sealant, "Anderol X-133," is available which
is satisfactory fram the standpoint of LOX compatibility. It has not
been recomended for use at this Center because it is highly corrosive
to aluminum alloys 5086, 6061, and 2024, which are used widely in LOX
piping.

A number of threading compounds are cited in Table.IT as being
satisfactory for LOX service. These are primarily inorganic silicate
cerents,

A number of proprietary polytetrafluorcethylene sealing tapes have
been evaluated and found satisfactory. The results are shown in Table
II. These adhesive-free tapes are used to wrap male pipe threads before
asserbly, During assembly, extrusion of the Teflen through the thriads
provided a leak-tight seal., These tapes are also effective anti-seize
agents, .

Thermal and Electrical Insulation (Table IIT)

A number of thermal insulations have been tested although they
would not normally be in direct contact with L3, All foam plastic and
mascic types of insulation investigated have been irpact sensitive with
the exception of Dynatherm D-65, The latter is an intumescent coating
containing aporoximately 66% inorganic filler materials. Dynatherm D=65
should be tested batchwise (in the usa thickness) prior to any applica-
tion where it may ultimately contact liquid oxygen. The moisture protec-
tive overcoating for Dynatherm D-65 (i.e., D-904) has been found impact
sensitive,

Several bulk fiberglass insulations also appear unsatisfactory, due
probaply to additives employed to control fiber or matt properties.
Subsequent heat treating frequently renders these materials satisfactory.
Two bulk fiberglass insulation materials appear satisfactory for LOX
service (Glass Fiber "3" 621, J, 1. ‘licrofiber Felt.No, 108). It is
stiessed ‘that each batch of these materials snould be tested for LOX
corpatibility. Two varieties of cellular glass, Foamsil and 'oam 5lass,
have proven satisfactory when tested for LOX compatibility,
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Two study programs have been comsleted to investigate the LOX/OX
reactivity of organic thermal insulation materials (plastics and elas-
tomers) used for liquid hydrogen systems, This reactivity occurs be-
cause air usually is condensed on the surface from the atmosphere by
the extramely low temperature, Re-evaporation and re~condensation oro-
cesses procably will occur to varying degrees within external insulation
thercon., Upon evaporation, liquid air becomes enriched in oxygen content,

The first study investigated the impact sensitivity of thermal
insulation materials used externally in liquid hydrogen systems was in-
vestigated as a function of LOX concentration in Lia. Results are oub-
lished in NASA TMX-53208, dated February 15, 1965 (Ref, 6).

This study evaluated the reactivity of a number of materials in
LOX/Lly mixtures. The actual LOX/INp mixtures used for the test sam-
ples were analyzed by use of special techniques.

The data were generated using the following materials:

Thickness
“laterial {Inches)
‘dcarta 0.063
tescaell 31 LD Honeycomb 0.25
1{~424 Adhesive 0,013
1000 adhesive 0.010
Z=Zond ™ubber Sealant H1013 0,050
Jdergall Polyurechane Insulation 1414-2 0.250
2erkving Silicone ™ibber 0,063
IAE-2,55n Titanium lloy 0.063
Twelar 0,001
“lagnolia 7015-1 0.25
CPR 20 Insulation 0.25
CPR 1021-2 Foam 0.25
HRP !loneycomb filled with CRP 1021-2
Foam ponded to 2014-T6 Aluminum 0.44

The results are vresented graphically in Figures 6 through 13,
Each plotted point represents the percentage of reactions in at least
20 tests,

Results for most of the materials indicate that relatively large
oroportions of IN, were required to reduce the reactiom frequencies or
to increase the threshold energy °1evels appreciably. This is turther
demanstrated in Figure 19 in whica the dbserved threshold levels (the
energy levels corresponding to a zero reaction frequency) are vlotted
3s a function of the mixture ratio. Inspection of the results indi-
cates tnat tie rate and extent of decrease vary widely and provaply
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are characteristic of the individual materials, ilovever, addition of
8 percent of L, to the LOX generally resulted in a decrease in the
threshold energy level of roughly 1 kg-m.

Even highly sensitive materials apparently did not react in 20/30
mixtures (liquid air), However, reactions were noted with several
materials at only slightly greater LOX concentrations (30/70), and it
is possible that other materials would react with liquid air under suit=
able stiruli,

The second study "Preliminary Investigaticn of Fire =znd Ixplosicon
Hazards Associated with S-IT Insulation®™ NASA T™X-52144 by Key znd Gayle
(Ref.9) demonstrated the possibility of cbtaining this condition in zn actual
insulation system. A number of polytetraflurocethylenhe, chloroilucro=
carban, and polyfluorinated ethylene propylene electrical insulaticns
have been evaluated, A word of caution regarding electrical insulation
is in order. The reactivity of electrical insulaticns of this tvmz is
dependent on preocessing, color code pigments and cleaninqg; therefore, it
is mandatory that all electrical insulations be batch-tested tc insur»
campatibility with INX/GOX., It is also nazardous to assume satisfactory
oy similarity of electrical insulation unless each manufactuier's pra-
duct is identical.

Elastomers, Plastics and Adhesives (Takle TV

Elastomers - All natural and non-fluorinated synthetic ribbevs ,
evaluated to date, including a nurber of silicone elastorers, have Drie
ven impact sensitive to varying degrees, The rost generallv satisfac-
tory elastomers tested to date have been plasticized Kel-T, Plucrzl, and
Viton A, However, the impact sensitivity cf these materials varies
markedly with the nature and extent of plasticizer and aaditivss used.
Thus, batchwise testing per MSFC-SPEC-106B is necessary tc insuve LOX
compatibility of these elastomers.

Plastics = !lost common plastics are impact sensitive to varying
degrees, ALl phenolic plastics tested to date have proven imwact san-
sitive, Polyethylene, Nylon and Tedlar are not recomended.

During the past 15 years, various types and thicknesses of “fylar
have been evaluated for campatibility with LOX by the proczdure des-
cribed in MSFC-SPEC-106B, Sample thicknesses ranged from 0,001 to 8,019
inch., Aluminum vapor coated “Wylar and “fylar tapes alsc were tested,

. All samples were impact sensitive at the acceptance level specified
in VSFC—SPEC-IOGB, i, eo' 10 kg-'n.

The sensitivity of two new Dapdnt plastic films, types ML anZ 4,
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appears to vary directly with thickness., Therefcre, the actual thick-
ness provosed for application should be tested fcr sensitivity to impact
in LOX,

Of all materials tested thus far, Teflon TFE (tetrafluoroethylene),
Teflon FEP (Fluorinated ethylpropslene), Aclar wiplasticized Kel-F,
Halon TFE, Plaskon 2400 CTFE, and Vespel SP2l are the most insensitive
to impact in LOX. One or more of these materials usually will suffice
where a plastic is needed for engineering use. These materials nor-
mally are inert to LOX only as long as they are free of contamination,
pigmentation, or fillers for reinforcement. Glass or asbestos fillers
usually do not render such fluorocarbon materials sensitive to LOX. The
ratings listed in Table IV are for specific nroprietary products evaluated,

It has been determined that rost govemment end material specifica-
tions are not sufficient to insure that the material supplied is virgin,
unfilled or undyed. Therefore, th:e ratings listed in Table IV for Kel-
F, Teflon TFE, Teflon FEP, Halon, and Plaskon are generally "batch test"
unless the material has a manufacturer's ID nurber and sufficient tests
conducted to insure a satisfactory rating, Under no circumstances
should a rating of satisfactory be inferred for all nolvtetrafluoro-
ethylene, fluorinated ethylene prooylene, or chlorotrifluorccarbon,
regardless of vintage unless the specific manufacturer’s/processor's
product has been evaluated.

Mhesives and Tanes = Yo fully satisfactory adhesive has been
found” for LOX/VX use., All organic adhesives test evaluated were in-
compatible with the excention of Refset adhesivez. These adhesives are
Refset corpounds dissolved in highily reactive solvents and care rust
be taken to insure complete cure and solvent yemeval prior to exwosure
to oxygen. These zefset adhesive: do not have hizh bond strengths.

In narticular, epoxy resins, polyurcetihanes, silicone cerents are
violently sensitive to impact and rust be excluded comletely from LOX
service. All silicone adhesives ithat have been examined are impact
sensitive, Due to this susceptib:lity of adhesives, all known pressure
sensitive tapes are sensitive to irwact, including "Teflon" and retal
foil backed tapes. This 3ensitivity is manifestec even when the tanes
are applied to metal discs which would insure mirimal contact hetwveen
te adnesive and L4,

Some inorganic cement types of "adhesives," i.e. Sauereisen and
i1 Cement, are insensitive, However, these genereclly are sodium silicate
based and provide only comaratively weak bonding, and are quite brittle,
A dental cement (Cun, paospnoric acid base) rermortedly has been used
in some instances but is highly corrosive.
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Taskets and Packing (Table V)

Saskets - A cormon type of general purpose gasket material is com-
posed of a ribrous or spongy material impregnated with natural rubber
or a synthetic elastomer, Asbestos is a popular fiber source and is
available in combination with virtually every common rubber or plastic,
The inherent impact sensitivity of tie particular binder ewployed thus
is conferred to some extent upon the finished material, The impact
sensitivity of these asbestos composites varies considerably from batch
to batch but is usually significantly less than an equivalent tnickness
of the binder material. At best, however, these materials range £fro
marginal to unacceptable, depending upon the binder composition and
proportion,

The earlier statements on the effect of sample taickness, as origi-
nally deduced from tests on taread sealants and lubricants, also avply
to these composite materials, "Allpax 500," an asbestcs-synthetic rub-
ber mixture as supvlied by the manufacturer, gives an averagz of two
fires or detonations per test series in the 1/16-inch thickness as com-
pared with approximately fifteen reactions per series when tested in a
1/64~inch thickness,

It has been found that the immact sensitivity of thase »nroducts can
be lessened by impregnation with one of sewveral chlorofluorocarbon cils,
These fluids are highly insensitive to impact in LOX and, apparently,
tend to quench the impact sensitivity of other materials capable of
absorbing them, The "Allpax 500" product mentioned above is processad
routinely at this installation for LOX service by controlled impres-
nation with a cilorofluorocarben fluid. Post-treatment impact teswing
is done on each processed batch to verify the adequacy of the treatment,
Details of this process and the circumstances orompting its develorent
are described in another report (Ref. 7).

One sample of Fluorolube treated Allpax 500 gasket was evaluated
9 years after treatment and found insensitive to impact.

The most nonrzactive, non-metallic materials - tetrafluorcstayiene
and chlorofluorocarbon - are difficult to utilize becuase of low tem—
peratures, brittleness, cold flow, or other mechanical deficiences., A
wide variety of fluorocarbon based gasket material, filled with asbestos,
ceramic or glass fibers for reinforcement are available commercially.
vost of these would be candidates for gaskets in LOX/GOX systems and
have physical sealing characteristics greatly improved over the parent
plastic. Fluorogreen-E-600 and Rulon A are two filled fluorocarbons
.that have been used successfully in the Saturn program., Other tyne
gaskets/seals such as Omniseal, Raco Seal, Naflex seals and K-seals
(lead or gold coated) have also been used.



Packing = A large number of braided and solid "Teflom" packings
has been found satisfactory. One asbestos type packing, "IV 17737,"
generally is compatible and has a satisfactory record of service at this
Center. At least one manufacturer, Crane Packing Company, processes

and packages certain packings specifically for LOX service when requested,
"Flexrock 420" also is used currently by “5rC.

Caution - It is stressed that even the recommended nacking and
gasket materials may vary in acceptability from one batch to another;
therefore, samples from each batch intended for LOX service should be
tested and qualified prior to use unless the specific compound number/
vendor product has a rating of satisfactory. It is hazardous to assume
that the product is satls‘actory by similarity to another comound or
oroduct on the basis that it is filled fluorocarbon, Therefore, the
ratings for gaskets and packings listed in this report apply only to
the specific pronrietary oroduct test evaluated and it should not be
inferred that similar products would be equally satisfactory unless
they have been test evaluated. This is to insure that variations in
manufacturer's processing methods do not introduce contamination or
chemical incompatibility,

“etals, Alloys, Solders, and Surface Trzatments
(Table VI)

All ferrous and aluminum based alloys test evaluated to date by
the procedures outlined in MSFC-SPEC-1063 have been found insensitive,
orovided requisite cleaning procedures and other safejuards are fol-
loved, !lowever, it is the policy of the Materials Division to test
evaluate each specific material to insure insensitivity. Application
of metals (ferrous and aluminum alloys) in high pressures and temvera-
tures should bhe evaluated prior to szlection of a specific alloy/
thickness,

Freshly abraded aluminum or aluminum which has been stripoed of its
nrotective oxide film is impact sensitive, Thus, althougnh the natural
oxide film on aluminum is sufficient to make it impact insensitive, any
action which breaks or removes the film from aluminum while submersed
in IOX constitutes a hazardous situation, Exactly such conditions are
believed to have caused an explosion in a filter in a LOX ground supoly
line recently (Ref. 8). This was ascribed to loosening of mounting fix-
tures for some filter cartridges, which alloved chattering of the top of
a stainless steel filter cartridge and an aluminum support plate, S5ince
this condition was on the upstream side of the filter and small narticles
undoubtedly were present (because of the basic function of the filter),
it was deduced that the explosion probably was initiated by abrasion of
the surface of the aluminum by such particles while in contact with LOX,
Because of the possibility of reoccurrence of these conditions in such
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filters, it was recomended that the aluminum components therein be
replaced by stainless steel.

Tt is stressed that the conditions required to cause explosions
with aluminum and LOX are extrerely gsevere. Tnese findings do not de=-
tract in any way from the proven serviceability of aluminum alloys now
in use for missile LOX tankage and piping, provided all such equipment
has been cleaned and protected in accordance with avpplicable “SFC stan=-
dards and maintained under such conditions., Test results showing that
stainless steel wool and ordinary steel wool are immact sensitive re-
flect the greater amount of active surface available for chemical com-
bination in these cases and do not detract from the proven serviceability
of steels in massive shapes for LOX service, However, these results
suggest caution in the use of metal wool for cleaning LOX harcwvare,

The inherent camatibility of common aluminum alloys is not affected
adversely by anodizing or by two pronrietary surface treatments, "Iridite"
and "alodine," if they are sealed properly and not dyed. However, as
shown in Table VI, samples of aluminum which had been anodized/dyed have
proven to be impact sensitive. This sensitivity has generally been traced
to specific dyes used and/or irproper sealing after dyeing process. Any
dyed aluminum Or newWw processes of corrosion coating for aluminum alloys
mist be evaluated to insure LOX/G0X campatibility.

Zirconium, magnesium, tin and titanium alloys, and indium metal
are generally incompatible with LOX/GOX,

All titanium alloys tested have been extremely sensitive to irmpact.
Bacause Of a special interest in this material, the reactivity of ti-
tanium with oxygen was studied by several test methods and under a
variety of conditions associated with space vehicles. Tae irmact sen-
sitivity method was used to study the effects of surface treatments,
coatings, and numerous other factors upon the reactivity. Punctures
resulting fram bullets, darts, pins, or artificial meteoroids usually
caused explosions, Coatings which reduced titanium reactivity in im-
pact or shock tests werz not beneficial under nuncturc conditions.,

Aluminum and stainless steel failed to react on impact or nuncture,

The shock stimuli nroduced by small detcnator cans alone were
sufficient to initiate explosive reaction of titanium in contact ‘wita
oxygen. Mn extrzmely heavy shock was necessary to cause aluminum to
react under the same test conditions, and stainless steel did not re-
act under the most drastic shock conditions erployed, The titaniu/
axygen combination is considerably more suscentible to spark initiation
than aluminum/oxygen. A detailed renmort on the "meactivity of Titanium
with Oxygen" has been issued separately (NASA-TR-R=180) , (Ref. 5).

Electrodeposited coatings on steel generally are LOX compatible
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(cadmium, copper, nickel, carome). llowever, tin plated materials have
been found to be imact sensitive,

A nurber of intermediate melting alloys have been evaluated and
conditionally approved, All high rmelting silver solders testad have
oroven satisfactory, S :

Tin based solders and coatings containing in excess of aporoximately
5% tin are sensitive,

The problems incurred by not "batch testing” and assuming the mate-
rials are satisfactory by similarity is illustrated hy the following
examles,

l. A routine materials review of Saturn V contractors revealed
that certain K-seals (manufactured by Harrison “lanufacturing Cormany)
used in LOX system had not been "batch tested" as specified in 'GFC-

SPEC-106B and an early issue of this report (TMX-985). This survey revealed

that aporoximately 173 seals were in use. The most extensive use or
unproven materials was associated with seals coated with X-6 alloy
(designated CL and AL by contractor). X-6 alloy is basically a nickel=-
lead electroplate, Chemical analysis of various K-6 alloy specimens
from various sources revealed that tin concentration could vary from as
low as 0.1% tin to a maximum of almost 9%,

2. The other questionable seal application uncovered during
this routine materials review was the seal camonly referred to as the
PG~seal., This PG seal is a copper-gold-tin coating with tin being the
surface coating., Although it was assumed PG type seals were satisfac-
tory, the basic seal material had not been evaluated prior to use., This
proolem illustrates that the LOX/GOX requirement and batch/lot testing
must be "tracked" and enforced to praclude sursrises later on in the
program,

5olvents, Cleaning Agents, and ‘tiscellaneous
(Table VII)

A considerable amount of test work has been done on 10X cleaning
and degreasing products. The actual sclvents generally employed for
degreasing are not inherently sensitive to impact, However, it has been
demonstrated that the evaporation of a sufficient quantity of a de-
greasing solvent can leave an impact sensitive residue. This is par-
ticularly true of highly stabilized grades of trichloroethylene, A
series of samwples was prepared by carefully evaporating aperopriate
aliquots of a solvent of nredetermined residue content in order to yield
10, 5, 2.5, and 1 milligram quantities of residues in irpact test cups,
Results showed that as little as 1 mg, of residue in the test cup (bottam
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area of appraximately 0.4 in.2) is sufficient to cause detonations.
Assuming such solvents ccr.form to local raquirements of a maximum of

20 milligrams of non-volatile residue per liter, the Enrestricted evap-
oration of only 50 milliliters of solvent per 0.4 in. (or 125 ml per
in.2) of under-lying surfece would be sufficient to nroduce a potentially
hazardous condition in LO¥ service, This figure may vary cansicderably
with the specific chemical nature of the residue, Thus, annrooriate
orecautions should be taken to avoid sitvations that cnuld give rise to
the concentration and denosition of such residues within LOX handling
equiprent., Rigid quality control of the solvent is essential in mini-
mizing this risk, and the entire deqreasing system should be free of
materials capable of solution or dispersion in the solvent, which may
be later deposited in the equivment being cleaned,

Similarly, most detergents and other cleaning comounds are capable
of forming irmact sensitive deposits if they are not romoved., Adequate
rinsing of all LOX equivment after treatrent with cleaning agents of
this tyne is essential,

A nurber of other miscellaneous materials that have been tested for
various reasons arc swmarized in Table VII, Sore of the materials in-
cluded here, due to incomlete identification or other uncertainties
concerning their origin, conceivably would fall within categories sur-
veyed earlier, A substantial number of these items (marked with an
asterisk) are experimental products tested duringy a reseirc projram
funded by this organization (at Frankford Arsenal), which was aired at
finding a "universal lubricant" (see page 4, second naragrani) .

A previous report (Ref, 10) (IN-PS&VE-M-65-3) "Preliminary Investi~
gation of Explosive ‘lazards of Solvents in Contact with Liquid Axygen"
by C, T, Key and J. 3. Tayle discussed the explosive hazards of selected
solvents in contact with liquid oxygen. This study was undertaken after
an incident with trichlorcethylene and nitrogen tetroxide. ’

The results of this study indicate that many solvents react ex-
plosively when mixed with LOX and ignited with a high energy source,
Therefore, it might anpear, at least sucerficially, that the use of
trichloroetiylene for cleaning LOX hardware should be discontinued.
owever, it must be recognized that the "ideal” solvent, i,e., one
having high solvent power, high vapor pressure, lov viscosity, low non=
volatile residue, negligible flarmability, and negligible toxicity, is
nonexistent, Tacrefore, the selection of trichlorcethylene or any other
solvent usually represents a corpronise between the solvent capabilities
and hazardous characteristics of available materials,

The only practical solution is to assess the hazards associated

with any particular solvent application and to take adequate precautions
to insure the safety of the operation. A more difficult task is to insure
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that an initially safe operation does not become unsafe due to operationa:
changes (e.g., a change in environment from air to gaseous oxygen or
eliminating the requirerent for camplete removal of the solvent) or the
relaxing of safety practices, particularly during long periads of incident
free operation.

Table VII gives results of a nurber of paints, scaps, and detergents
which are generally reactive., A number of pure compounds have been
evaluated and conditionally approved., All of these compounds are vio-
lently reactive and their reactivity generally are not changed by alter-
ing sample thickness, The braminated cormpounds appear to be the least
sensitive of these compounds. This is most likely due to the shielding
action (steric hindrance) of the large bromide ion,

¥
-

Dye Penetrants (Table VIII)

Dye penetrants are widely used for detection of cracks and other
surface defects in materials., XNormally, these are amplied in liquid
form and the excess wiped or washed off, Residual penetrant entranmed
in defects renders these visible by normal or ultraviolet illumination.

After a dye penetrant system has boen usad for insvection of LY
hardware, no usual! clewming procedure is available which will insure
curlele removal of all components of the penetrant system from the
surface and from any surface defects »resent, In sore instances, re-
acticns aave been noted for aluminum castings and other objects after
contact with a sensitive penetrant, followved by treatrment with the re-
comended develoner and emulsifier and also with various cleaning solu-
tions. The develowmment of satisfactory cleaning procedures is different
because: the cleaning scolution must have tiie sare or a lesser surface
tension than the nenetrant, the penetrant rust be readily removed by the
cleaning solution, and a method must be employed which will show con-
clusively that all dye penetrant has been removed, The latter require-
mant is important because of the possibility that surface microfissures
or peres could make even black-light checking techniques ineffective.

The extrame reactivity of dye penetrant is shown in quantitative
studies described helow:

Using “lamaflux Penetrant Yo. 137-115 as an example, an investiga-
timn was made of the ease of removel of dye penetrants and the ™inimurm
quantity of residue which will present a hazard, Samples of aluminum
castings, sheet aluinum with €ine scratches (125 wide x 290 deen), and
sheet aliminum after grinding with an emery wheel wvers treated with
usnetrant, emulsifier, and developer in accordance with thé manufacturer’
diracticns, Tasts also were made without the develover but with theorough
water wasaing. In every case of the latter technique, the sarples were



still highly sensitive to irpact in LOX, Developing before rinsing
assisted greatly in removing residual dve. However, even this treatment
did not cmsistently render the surface z.mpact insensitive to LOX,

This difficulty in cleaning is not surprising., Since the functional
design of penetrants is to penetrate the slightest crevice, it is neces-
sary to employ cleaning agents or techniques of even better penetration
characteristics in order to effect efficient removal of residues.

By simply placing decreasing amounts of penetrant in the test cup
and evaporating to dryness, it was found that residues (fram Magnaflux
137-115 Penetrant) containing as little as 7.5 micrograms of dye still
were sensitive to impact in LOX.

For these reasons, the Materials Division has disapproved the un-
qualified use of dye penetrants for inspection of LOX hardware. This
position remains unchanged. However, when the intended application is
not the inspection of an entire system, such as a completed tank, but
rather the inspecticn of individual elements used in the manufacture of
a tank before actual assembly, a careful review of the effect of other
inspection methods must be made,

Develogment of Test Method

As an initial approach to the problem, dye penetrants were tested
by the procedure for liquids or semi-liquids intended for use in LOX
nardware as prescribed in MSFC-SPEC-106B. This consisted of freezing
1/2-cc volumes in the test cups and testing the frozen solids in the
usual manner. Residues from 1l/4-cc volumes also were evaluated to de-
termine the effects of specimen thickness on test results, However, it
was recognized that in normal use the dye penetrant would exist as a
very thin film or residue. Therefore, further tests were made using
the residues from 1/2-cc volumes of the penetrant evaporated either to
dryness or to constant volume at 100°C. Both atmospheric drying and vacuum
drying ovens were used. This method had the obvious disadvantage that some
penetrants undergo sufficient thermal decomposition to alter their LOX cor1-
patibility. As an alternate approach, tests were made in which the penetrant
was absorbed on 1/2-inch squares of 0.020-inch thick sheets of Novabestos,

a camercial Teflon-asbestos fiber paper, However, the wettability of
Novabestos by various penetrants differs appreciably from that of aluaei~
num surfaces and this could influence the test results. ’

The method finally selected for testing consists of immersing vapor
degreased, unsealed, sulfuric acid anodized aluminum 6061-T6 discs
(11/16-inch diameter and 1/16-inch thick) in the penetrant for 15 min-

utes, then standing the discs cn edge in a special fixture, and allowing
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them to drain for 15 minutes to remove excess penetrant.* The treated
discs are transferred to the test cup and tested in accordance with
"SFC-SPEC-1068B., For consistency and convenience, this procedure is
used for testing not only the dye denetrant but each of the components
of the nenetrant system, Recent test data have shown that reactivity
of dye penetrant comaonents is effected drastically by anodizing time
and current density, Therefore, it is extremely imortant that all
discs e anodized for 30 minutes with current density specified in “il-
A-8625 Rev, A,

The results which were abtained by each of the oreliminary test
methods are shown in Table VII; results cbtained by the anodized disc
method are shown in Table VIII; also included in Table VIIT are the results
waich were -obtained by the anodized disc method using a drainage angle
of 45 degrees and the results of the Novabestos rethod, which was used
more extensively than any other prelirinary method studies,

These data indicate minor differences in the rank of the relative
sensitivity of various penetrant system components by the different
test rethods, This is consistent with the results of previous inves-
tigations which have indicated the necessity for rigid standardization
of test equipment and procedures to insure reproducibility of results,
iowever, there is a pronounced tendency for materials that are sensitive
by one test method to be sensitive by the others, thus confirming the
overall validity of results, Because of the close agreement of results
shown in Table VIII, the selection of the final method was based primarily
a the following considerations:

1. The anodized disc method more closely simulates the manner
in which penetrant system companents are applied in practice,

2, Novabestos is a proprietary product and, therefore, could
be withdrawn from the market or altered at any time., Also, cowlete
details of the manufacturing and quality control procedures which were
used in the production or this material are not readily available,

3. Visual inspection indicated more wniform drainage of speci=-
mens at an angle of 90°,

Table VIII shows the ratings for ‘sarious penetrant system components
tested by the anodized disc method., In using these data for the selec=
tion of penetrants for various applications, it rmust be recognized that
there are three types of nmenetrant systems:

¥ This rethod 15 a modification of one suggestad by !r, J. R. Alburger,
Shannon Luminous Materials Company, in a private commmication datad
March 3, 1964, to Dr, 7, R, Lucas, Chief, Materials Division, '137C,
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l. Water-based
2, Water-washable
3. Post-emulsifiable

Water-based penetrants are water soluble as the name implies and are
removed by washing with water, The organic dyes used for water-washable
penetrant systems are not inherently soluble; however, an emulsifier is
incorporated in the penetrant solution which permits removal of the
excess solution by water washing, Post-emulsifiable systems recuire a
separate treatment with an emulsifier solution or, in some instances,
with a cleaner or solvent to revove the excess menetrant solution, All .
three types require treatment of the surfaces with a developer after the
removal of the excess penetrant solution and before insovection.

A review of the data shown in Table VIII indicates that several
penetrant systems appear promising for use on LOX hardware. Taus, one
or more systems of each of the three types indicated above have been
found acceptable, although in some instances the water-based and water-
washable systems were only compatible when they were used in greater
dilution than the manufacturer recommended. With particular regard to
tie post-erulsifiable nenetrant system, if the recomended emulsifier
for a given system does not prove acceptable, it may be possible to use
same other emulsifier, provided it affords adequate penetrant removal,

The selection of any particular nenetrant system for inspection
of LOX wetted surfaces should not be based on LOX impact test results
alne, but also on a careful review of the inspection sensitivity re-
quired, and the cleaning procedures specified for post insmection
assurance that all penetrant has been removed from the surface insnected,
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